Breaking seed dormancy of Tulipa scardica Bornm. and Tulipa kosovarica Kit Tan, Shuka & Krasniqi by pre-chilling, plant growth regulators and some chemical treatments Abstract: Tulipa scardica and T. kosovarica are rare, endemic and endangered plants in Kosovo. This research was carried out to study the dormancy breaking treatment in Tulipa scardica and T. kosovarica seeds by pre-chilling and various concentration of potassium nitrate (KNO 3 ), gibberellic acid (GA 3 ), kinetin, thiourea and sulfuric acid (H 2 SO 4 ). The experiment was conducted with untreated seeds (without stratification) and with stratified seeds (8 weeks) and treated with different concentration of some chemicals and plant growth regulators. Results showed that the final germination percentage (FGP) of seeds without stratification at both Tulipa plant species was zero, while germination was enhanced by pre-chilling (stratification) especially after treatment of these seeds by above mentioned treatments. Both Tulipa species showed an increase in mean germination time (MGT), an indication of slower germination, as different chemicals or plant growth regulators increased. Depending on treatments, germination was ranging from 80 % to 90 %, the maximum germination was detected in seeds treated with KNO 3 , GA 3 , and their combination, while the minimum germination in seeds without treatments and treated with thiourea. The conservation of these plants in botanic gardens by cultivation or propagation for commercial use as ornamental plants could give an effective contribution to the conservation of these plants.
NTRODUCTION
The genus Tulipa in Kosovo is represented with five species: Tulipa kosovarica, T. luanica Millaku, T. serbica Tatić & Krivošej, T. australis Link and T. scardica (Shuka et al., 2012; Millaku and Elezaj, 2015) . T. kosovarica and T. scardica grow in serpentine soil, well-drained soil in full sun, sheltered from strong winds. Tulips can be propagated through bulbs or seeds, both of them have the dormancy due to a common biochemical mechanisms and even a common genetic control (Millaku and Elezaj, 2015; Osmani et al., 2018) .
Seed dormancy is a mechanism by which seeds can block the completion of germination or inhibit their germination of an intact viable seed in order to wait for more favorable conditions (Finkelstein et al., 2008) . However, this dormancy is also known as secondary dormancy, but the primary dormancy is caused by effects of abscisic acid (ABA) during seed development. This block to seed germination has been further negatively categorized, but this is the main mechanisms for establishing a new plant generation (Finkelstein et al., 2008) . Seed dormancy by earlier reviews has been described as one of the least understood phenomena in seed biology (Finch-Savage and Leubner, 2006) , perhaps because it is manifested and broken in different ways at different plant species. In the past decades, ecological and physiological studies have reported confusion theory for seed dormancy, but now is known that dormancy is not a single phenomenon but a condition with many contributing causes (Miransari and Smith, 2014) . Among the most important parameters controlling the process of seed dormancy are changes at molecular levels, including the protein and hormonal alternations, and balance between ABA and gibberellins (GA) (Finch-Savage and Leubner, 2006; Finkelstein et al., 2008; Miransari and Smith, 2014) . In seeds of a very few species, there are some external factors such as light, chilling, chemical or hormonal treatment, and internal factors such as hormonal balance, that can stimulate the germination, in this case to break down the seed dormancy (Miransari and Smith, 2014) .
Gibberellins appear not to be involved to control seed dormancy but are important to activate dormant seed as well as in the promotion and enhance the germination (Miransari and Smith, 2014) . GA and ABA activity is thought to be closely related, because ABA at few plant species can inhibit seed germination, while increase of the GA content stimulates their germination or are necessary for seed germination (Bewley, 1997; Miransari and Smith, 2014; Finkelstein et al., 2008) . Nitrate (NO 3 − ) and gibberellins are used for enhance seed germination as well as for breaking seed dormancy. NO 3 − is like a source of N, which enhances seed germination. N compounds can play important role in germination through enhancing amylase activity, adjusting K + /Na + ratio, increasing the ATP production and also can inhibit seed dormancy by decreasing the level of ABA in the seed (Alboresi et al., 2005; Zheng et al., 2009; Finkelstein et al., 2008) . NO 3 − such as KNO 3 has been found to stimulate the germination of dormant seeds (Alboresi et al., 2005) . According to Association of Official Seed Analysts and the International Seed Testing Association, solutions of 0.1 to 0.2 % KNO 3 are common in routine germination testing and are recommended for germination tests of many species (ISTA, 1996) . However, plant hormones such as gibberellins and cytokinins can positively regulate the process of seed germination through negative interaction with ABA (Hermann et al., 2007) . Biochemical reactions known to be enhanced by GA are activation of catabolyzing enzymes (nitrite and nitrate reductase and glutamine synthetase) and inhibition biosynthesis pathways of ABA. GA also stimulates seed germination via amylase synthesis (Finch-Savage and Leubner, 2006) .
According to the Red Book and Red List of Vascular Flora of the Republic of Kosovo, T. kosovarica and T. scardica are categorised as "Critically Endangered" (CR) plant species (Millaku, 2013; KEPA, 2013) . In this case, the conservation of these plants in botanic gardens by cultivation or propagation for commercial use as ornamental plants could be as an effective contribution to conservation of these plants. Therefore, the aim of this study was to determine the effects of different physical, chemical and hormonal treatments which are able to break seed dormancy and enhance germination of these important rare and endemic or ornamental plants.
MATERIALS AND METHODS

SEED COLLECTION AND TREATMENTS
The study was carried out with T. kosovarica seeds collected from native populations in the nearby of Mrasor village (Kosovo), and with T. scardica seeds collected in the nearby of Krevenik village (Kosovo). Seeds were cleaned and stored in paper bags in darkness at room temperature (~24 °C) until the beginning of the experiments. After that, seeds were disinfected with ethanol 70 % for three minutes and rinsed three times with distilled and sterilized water, before treatments.
For stratification treatment, seeds of both tulip species were mixed in perlite medium and distilled water in vessels, then transferred to refrigerator for 8 weeks at 5 °C. These vessels were put into sealed plastic bags to avoid moisture loss. After this procedure, the seeds were rinsed with distilled water three times. After stratifica-tion, seeds were divided into seven treatment groups: 1) seeds of the first group were soaked in H 2 O-distilled water (control); 2) seeds of the second group were treated by 0.1, 0.2 and 0.3 % (v/v) potassium nitrate (KNO 3 ) for 24 h; 3) likewise, similar to the previous treatment, the seeds of the third group were put into flasks containing 250, 500 and 1000 ppm gibberellic acid (GA 3 ) for 24 h; 4) seeds of the fourth group were treated with combination of GA 3 and KNO 3 with previous describe concentration; 5) seeds of the fifth group were put into flasks containg 250, 500 and 1000 ppm 6-furfurylaminopurine (Kinetin); 6) seeds of the sixth group were treated with 0.5 molar (M) and 1M of thiourea; and 7) seeds of the seventh group were treated with 1 % and 2 % (v/v) H 2 SO 4 for 30 and 60 seconds, respectively. For all seeds groups, the experiment was conducted with four replicates of 25 seeds which were germinated on top of double layered papers (ISTA, 1996) with 5 ml of water in 10 cm Petri dishes. These Petri dishes were placed into sealed plastic bags to avoid moisture loss. Seeds were allowed to germinate at 24 ± 1 ºC and at light regime 16 h light (day)/8 h darkness (night).
GERMINATION TESTS
The germination percentage is an estimation of the viability of seeds. Germinated seeds were counted every 48 h for 40 days after first germination (the seeds had begun to germinate after the 30 th day). Germination was considered to have occurred when the seminal roots were 2 mm long. The following germination parameters were recorded: 1) Final germination percentage (FGP) is: FGP = (number of germinated seeds/number of total seeds) × 100.
2) Mean Germination Time (MGT) was calculated according to the following equation (Moradi et al., 2008) .
MGT = ΣDn / Σn
Where n is the number of seeds, which were germinated on day D, and D is the number of days counted from the beginning of germination.
STATISTICAL ANALYSIS
The statistical analyses were of completely randomized design. Four replications and 25 seeds per replicate were used. The mean and one-way ANOVA were calculated using SPSS software. The means were compared using Duncan's multiple range tests at 5 % level of probability and LSD test with the statistical significance set at P 0.01 and P 0.05 levels.
RESULTS AND DISCUSSION
Based on the obtained results during expeditions, T. scardica is an endemic plant and grows only in one population in Kosovo (520 m a.s.l. in Krivenik) , and this population is very rare and fragmented with very lower density. On the other hand, T. kosovarica is a steno-endemic plant species of Kosovo, which is grown in some populations in central part of Kosovo (400 m a.s.l. in Mrasor; 620 m a.s.l in Goriq; and 700 m a.s.l. in Llapushnik), but these populations are very fragmented and with very low plant density as well as T. scardica. Both tulip species grow in serpentine soils and previous investigation reported that T. kosovarica grows in soil with a higher concentration of Ni, Mn, Fe, Cr, Co and Cd, and lower concentration of N and Ca (Osmani et al., 2018) . Moreover, some of these metals such as Ni, Mn and Fe are bioaccumulated in plant organs and mostly in seeds of these species. In this case, we can presume that these metals can be involved in seed coat structure which directly contributes to resistance of these seeds in one hand, and in the metabolic pathway which can play a role as an ionic activator for enzyme during seed germination in another hand.
Analysis of variance for F -values (Table 1) The obtained results showed that the FGP of seeds without stratification at both tulip species was zero (Table 2). Seed germination of these species was enhanced by pre-chilling (stratification) especially after treatment of these seeds by different chemicals or plant growth regulators. Both Tulipa species showed an increased MGT, indicative of slower germination, as different chemicals or plant growth regulators increased. In this case, the slower germination time was founded in stratified seeds (control) of T. scardica compared with T. kosovarica (Table 2 and Figure 1 ). It seems that the seeds of these two tulip species are dormant and for breaking dormancy they need stratification with low temperature (pre-chilling) for 8 weeks. Similar results were reported in Tulipa kaufmanniana Regel, seeds of this species didn't germinate without pre-chilling, and after 5 or 7 weeks of stratification the germination rate was enhanced significantly (Rouhi et al., 2010) . Acordding to Zhang et al. (2010) concentration (Oh et al., 2006; Finkelstein et al., 2008) . A pre-chill applied at the appropriate time and for the proper duration did promote seed germination (Nkomo and Kambizi, 2009) . In this study, pre-chilling improved germination up to 20 % at T. scardica and 16 % at T. kosovarica, but again it was not a complete success. On the other hand, according to Amini et al. (2015) , who studied the breaking dormancy of seeds of three foxtail species (Setaria glauca (L.) Beauv., S. verticillata (L.) P.Beauv. and S. viridis (L.) P.Beauv), reported that dry pre-chilling for 45 days have no significantly effect on seed germination of these species. Exogenous application of GA 3 in seeds of T. scardica and T. kosovarica enhanced the seed germination. In this case, the highest germination percentage (FGP) and faster germination time (MGT) of seeds of both Tulipa species were detected in concentration of 500 ppm GA 3 and 0.3 % KNO 3 . Moreover, it was significantly different to some treatments as shown with different letter (Table  2 ). The germination of the seeds of both Tulipa species decreased but not in significant level when increased the concentration of KNO 3 , GA 3 and kinetin. In contrast with this, Rouhi et al. (2010) in Tulipa kaufmanniana seeds, reported that seeds soaked with 0.2 % and 0.3 % KNO 3 have greater germination than seeds treated with 0.1 % KNO 3 . Previous research also confirmed that solutions with higher concentration of potassium nitrate have not significant effect on seed germination of Terminalia sericea Burch. ex DC (Amri et al., 2011) and Plantago ovata Forssk. (Ali et al., 2010 ). In the current research, it was revealed that lower concentration of potassium nitrate increased seed germination more than higher concentration. The positive effect of lower concentration of KNO 3 could be related to its role of balancing seed hormones that results in the reduction of germination-inhibitors, like abscisic acid (Gashi et al., 2012) .
The germination precentage in seeds of T. scardica and T. kosovarica, as indicated by decreased MGT, increased as the combination of KNO 3 and GA 3 increased, with greater effect of 500 ppm GA 3 than 1000 ppm GA 3 (Table 2 ). In this case, the best combination for the maximum germination (92 % and 95 %, respectively) and the time of germination (30 and 32 days, respectively) was stratified seeds and treated with 500 ppm GA 3 and 0.3 % KNO 3 . Similar results were also reported for other Tulipa species, Rouhi et al. (2010) reported that the combination of 500 ppm GA 3 and 0.1 % KNO 3 was the best treatment for maximum germination (100 %) of seeds of Tulipa kaufmanniana. These results were also reported by Gashi et al. (2012) for Ramonda seeds. In addition, the best germination treatments for the seeds of Sabal palmetto (Walt.) Lodd. was combination with 1 % KNO 3 and 500 ppm GA 3 (Dewir et al., 2011) . In our study, higher concentration of GA 3 (1000 ppm) did not increase the seed germination as well as lower concentration of GA 3 (500 or 250 ppm). In line with this, different plant species do not need a higher germination rate for enhanced germination or higher concentration can be as inhibitor of germination (Miransari and Smith, 2014; Finkelstein et al., 2008) . On the other hand, Shanmugavalli et al. (2007) , reported higher seed germination of sorghum treated with 1000 ppm GA 3 . Additionaly, Amri et al. (2011) , working on seeds of Terminalia sericea treated with GA 3 (400 ppm) confirmed higher percentage of germination (67 %) compared with control. According to Puttha et al. (2014) , combination of pre-chilling with 500 ppm GA 3
Figure 1: Mean of FGP and MGT of T. scardica and T. kosovarica. Each number from 1 to 8 shows the mean of different treatments: control (1); stratified seeds (2); seeds treated with different concentration of KNO 3 (3), GA 3 (4), KNO 3 and GA3 (5), kinetin (6), thiourea (7), and H 2 SO 4 (8) was the best method for promoting germination seeds of Helianthus tuberosus L.. The results of this study for seeds requirement for pre-chilling and GA 3 and KNO 3 treatments for germination or breaking seed dormancy are in agreement with Zhang et al. (2006) and Li et al. (2007) , who concluded that low temperature and GA 3 treatments are necessary to release dormancy or increase seed germination.
The physiological role of GA 3 as a germination promoter has been well known in the promotion of dormant seeds in a wide range of plant species as it induces hydrolytic enzymes (Miransari and Smith, 2014; Finkelstein et al., 2008) in order to overcome physiological dormancy in seeds with a dormant embryo (Baskin and Baskin, 2004) . GA 3 promotes seed germination by activating the synthesis of proteins and other required metabolites for the embryo.
Cytokinins are plants' hormones which are included to regulate various physiological processes in plant. Exogenous application of cytokinins has numerous effects on seed germination in different plants species. The cytokinins effect to enhance seed germination is mostly related to the alleviation of stresses from heavy metals, salinity, drought or oxidative stress (Khan et al., 2004; Nikolić et al., 2006) . In this study, our results showed that seeds of T. scardica and T. kosovarica soaked with kinetin have significantly increased germination in comparison with control seeds and the lower concentration (250 ppm) of kinetin which has stronger effect on seed germination (90.67 % and 92.33 %, respectively) than higher concentration. Previous investigation has reported that T. kosovarica seeds accumulated the Ni in their seeds (Osmani et al., 2018) , and we can presume that these metals and other heavy metals which effect in these seeds can be alleviated by kinetin.
Among H 2 SO 4 treatments, seeds of both Tulipa species were significantly enhanced of germination by 1 % H 2 SO 4 for 60 seconds seed treatment, in comparison with other concentration and duration time of this chemical. Treated seeds of both tulip species with thiourea have the lowest effect in FGP and MGT, but the lower concentration (0.5 M) of thiourea had significant effect in comparison with higher concentration (1 M). Furthermore, the results of each seed treatment showed that more marked effects on the germination time (MGT) of seeds of T. scardica and T. kosovarica were observed when they were treated/germinated in combination with KNO 3 and GA 3 solutions (Figure 1) . Depending on treatments, germination was in the range from 80 % to 90 % at both tulip species. Moreover, the maximum germination was detected in seeds treated with KNO 3 , GA 3 and their combination, while the minimum germination in seeds without treatments and treated with thiourea ( Figure 1) .
Moreover, a negative significant association was established between MGT and FGP in seeds of T. scardica and T. kosovarica (Figure 2 ). This indicates that with the increase of the germination percentage, the time of germination shortened. Similar results were reported by Ganaie et al. (2011) , who concluded that mean germination time was reduced and increased germination percentage was observed after seeds of Arnebia benthamii (Wall. ex G.Don) I.M.Johnst. were treated with different concentration of KNO 3 and 25 ppm GA 3 . According to Ali et al. (2010) , seeds of Descurainia sophia (L.) Webb ex Prantl and Plantago ovata treated with pre-chilling and 0.3 % KNO 3 showed significant differences of MGT in comparison with control seeds. 
CONCLUSIONS
The seeds of T. scardica and T. kosovarica plants have dormancy and the combined application of pre-chilling (stratification for 8 weeks) and plant growth regulators or some chemicals influence the seed dormancy breaking of these species. Among chemicals and plant growth regulators which were used in this research, the greater effect on seed germination have gibberellin, kinetin, and potassium nitrate. The highest seed germination percentage (FGP) and the speed of seed germination (MGT) of both Tulipa species were found in concentration of 500 ppm GA 3 and 0.3 % KNO 3 .
The results of this study could contribute as an initial stage for propagation of these species for cultivation or propagation for commercial use as ornamental plants. On the other hand, propagation of these species could give an effective contribution to conservation or direct protection of these species, reducing damage by wild harvests and maintaining ex situ stocks of these threatened species in a secure and cost-effective manner.
